These findings suggested icariin could improve eNOS / NO-pathway to prohibit the atherogenesis of apolipoprotein E null mice by restraining oxidative stress.
effects on atherosclerosis. Endothelial nitric oxide synthase (eNOS) could catalyze NO production (Napoli et al. 2006) . Oxidative stress facilitates atherogenesis.
Previous investigations have reported that elevated concentrations of ROS decrease the amount of bioactive NO (Förstermann 2010) . Oxidative stress also leads to eNOS uncoupling (Li et al. 2014) . Therefore, the eNOS / NO pathway may be a pharmacologic target for improving the atherosclerosis.
Also known as yin yang huo, fairy wings, barrenwort, bishop's hat, horny goat weed, epimedium is a genus of flowering plants in the family berberidaceae. Icariin is the prenyl acetylation of kaempferide 3, 7-O-diglucoside, which can be found in several plants in the berberidaceae family. Extracts from these plants are known for supporting healthy sexual function and producing aphrodisiac effects. There is evidence to suggest that icariin weakens the prothrombotic state in atherosclerotic rabbits (Zhang et al. 2013 ), but the mechanism responsible for its inhibition on atherogenesis is not yet outright described. As has been mentioned above, oxidative stress impairs eNOS / NO pathway. (Deckert et al. 1999 ) and water ad libitum and exposed to 12 h light / 12 h dark cycle. Body weight and food intake were checkd weekly.
Experimental protocols
In vivo, 80 mice at 14 weeks of age were separated casually into four groups (n = 
Measurement of ROS
According to the detail described previously (Barry-Lane et al. 2001; Steffen et al. 2012) , changes in aortic and intracellular ROS levels were determined by dihydroethidine (DHE). Mean data in vivo for the quantification of fluorescence were showed as intensity per µm 2 in aortic sections. Results in vitro were expressed as the mean fluorescence intensity (arbitrary units).
Analysis of mRNA expressions of eNOS
Real-time PCR was performed to quantify eNOS mRNA. Using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), total RNA was isolated from aorta and HUVECs, thus reverse-transcribed. The following primer pairs were used: mouse eNOS (5′-TTCCGGCTGCCACCTGATCCTAA-3′ forward and 5′-AACATGTGTCCTTGC TCGAGGCA-3′ reverse) (Limbourg et al. 2002) ; human eNOS (5′-GTGGCTGTCTG CATGGACCT-3′ forward and 5′-CCACGATGGTGACTTTGGCT-3′ reverse) (Lai et al. 2003) ; and mouse GAPDH (5′-GAGAATGGGAAGCTTGTCATC-3′ forward and 5′-GTCCACCACCCTGTTGCTGTA-3′ reverse) (Limbourg et al. 2002) ; human GAPDH (5′-CTGCTCCTCCTGTTCGACAGT-3′ forward and 5′-CCGTTGACTCCG D r a f t 7 ACCTTCAC-3′ reverse) (Monsalve et al. 2007 ). For comparative purposes, the relative abundance of eNOS / GAPDH in control group was defined as 100%.
Measurement of aortic protein expressions of eNOS
In ice-cold Dulbecco's phosphate-buffered saline, the segregated aorta was homogenized. In SDS sample buffer, cells were lysed. Before the separated proteins transferred to PVDF membranes, same concentrations of protein were separated on a 12% SDS-PAGE. Using a previously described method (Li and Förstermann 2000), the Western Blotting of eNOS expressions were performed.
Analysis of NO concentration
According to the content of nitrite and nitrate, NO level in the plasma and the conditioned medium were obliquely measured as described previously (Feng et al. 2001 ). In brief, nitrate was transformed into nitrite with aspergillus nitrite reductase, and total nitrite was analyzed using the Griess regent. Utilizing a spectrophotometer (Shanghai, China), absorbance was analyzed at 540 nm.
Histological evaluation
In buffered formalin (4%), right common carotid arteries were fixed. At room temperature, they were kept for 24 hours. In paraffin, tissue was embedded. Using standard hematoxylin-eosin staining, it was processed for light microscopy (d 'Uscio et al. 2001) . Morphometric quantification of lesion area was determined on the D r a f t 8 computer-digitized images with NIH Image software (Xiao et al. 2011 ).
Statistical analysis
All values are expressed as means ± SEM. The significance level was chosen as P≤ 0.05. The significance of differences was assessed using ANOVA and Student's t-test for unpaired data.
Results

Body weight and plasma lipid concentrations
ApoE -/-mice fed with high-fat chow showed a significant increase in body weight and plasma lipid (TG and TC) concentration, while mice fed with icariin showed a decrease in these data (P<0.05 and P<0.01; Fig. 6 ).
ROS production
Aortic ROS production was notably enlarged in ApoE -/-mice than in C57BL/6J mice. However, icariin (10 or 30 mg/kg) cure diminished the ROS production in the aorta of ApoE -/-mice (P<0.05 and P<0.01; Fig. 2A ). Intracellular ROS production was higher in LPC group than in control group. Pretreatment with icariin (1, 3, or 10 µM) eliminated the ascent of intracellular ROS production (P<0.05 or P<0.01; Fig.   2B ). (Fig. 3A) . LPC (10 µg/mL) treatment for 24 h induced a large reduction in eNOS expression in HUVECs.
eNOS expressions
Pretreatment with icariin (1, 3, or 10 µM) normalized the degradation of eNOS expression induced by LPC (P<0.05 and P<0.01; Fig. 3B ).
NO concentrations
ApoE -/-mice showed a large decrease in NO plasma concentration compared with control mice. There were more plasma NO concentrations in icariin group than in model group (P<0.05 or P<0.01; Fig. 4A ). LPC (10 µg/ml) treatment caused a big decline in NO level in the conditioned medium. This change was reversed by icariin
(1, 3, or 10 µM) pretreatment (P<0.05 and P<0.01; Fig. 4B ).
Histological examination
Histological examination revealed that no obviously atherosclerotic changes were found in the carotid arteries of C57BL/6J mice. ApoE -/-mice had significantly more atherosclerosis in the aortic root. Supplementation of icariin to ApoE -/-mice attenuated the development of atherosclerosis (P<0.05 and P<0.01; Fig. 5 ). From what has been mention above, we may come to the conclusion that the possible mechanisms by which icariin improved the eNOS/NO pathway is related to prohibition of oxidative stress in the present study.
Discussion
Icariin has cardiovascular pharmacological effects. Icariin can attenuate the atherosclerosis by its lipid-lowering effects (Zhang et al. 2013 ), inhibiting foam cell formation (Yang et al. 2015) , and protecting erythrocytes against free-radical-induced peroxidation (Liu et al. 2004 ). However, the connection between beneficial effect of icariin on atherosclerosis and eNOS / NO pathway had not been studied previously. Furthermore, chronic administration with L-N-nitroarginine (a NO synthase inhibitor) caused hyperlipidemia in rats (Khedara et al. 1996) . Exogenous ADMA (an endogenous NOS inhibitor) treatment enhanced plasma TG level in ApoE -/-mice (Xiao et al. 2007 ). Therefore, it has been suggested that icariin decrease plasma TG and TC level by elevating NO production.
In addition, body weight lowered in icarrin treated mice in the current study. It has been reported that icariin inhibit lipid deposition during adipocyte differentiation of 3T3-L1 preadipocytes (Han et al. 2016) . It is probable that icarrin decreases body weight, which is associated with reduced-fat accumulation. Much further work is needed to explain the mechanisms involved in this regulation.
In conclusion, our study shows that icariin improves eNOS / NO pathway to prohibit the atherogenesis of ApoE -/-mice.
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